Appendix 

MARKED-UP COPY OF SPECIFICATION 

Title of the Invention: 
EXHAUST GAS PROCESSING SYSTEM 

Background of the Invention: 
<Technical Field> 

The present invention relates to an exhaust gas processing apparatus 
10 in which a decomposition and a chemical reaction eto^of a harmful chemical 
substance of an exhaust gas eter-which is exhausted from a boile^ including 
Nox (nitrogen oxides) , a particle substance and hydrocarbon^ and from an 
engine., eter-are promoted! and relates to a chemical work and an environment 
machine and apparatus-etGr. 
15 <PriorArt> 

Up to now, a processing technique having a low cost and for processing 
effectively NOx in an exhaust gas and fine particles in a harmful substance has 
not been established. As a removal technique for NOx, a d e nitor a t i on 
denitration technology using afi-ammonia is established as-for a fixed machine 
20 e ^such as a boiler and an engine^ but this technique has not been employed in 
a moving machine A such as an automobile^ from an aspect of the safety. 

To- For NOx removal fof- from a diesel vehicle i t i s t a k e n a m e asur e with 
there has been performed a high pressure injection e Mnto the engine^ and 
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there has been a f i guration configuration of a combustion chamber,, but with 
only this measure a sat i sfi e d satisfactory technology has not been established. 

There is a device in which, as to NOx in tfre-an exhaust gas A using a 
noble metal catalyst such as platinum is used, and paradigm e tc. NOx i s 



decomposed^ but NOx reduction effect has been as low as about 15 % degfee 

and a regular processing apparatus has not been established. 

Further, there is a three way catalyst in which the noble metal is 

contained mainly^ but this catalyst has b ee n th e a_high cost and is not 
10 employed practically t o b e pract ic a l us e. In this, since the platinum used in the 

catalyst is lowered the-incatalyst function due to tbe-sulfur in the fuel, a spr e ad 

o^a-low sulfur fuel is necessar y s e t as premise . 

On the other hand, as the-a_removal technique for the fine particles^ a 

technique, in which th e abov e stated low temperature oxidation decomposition 
15 us i ng of NO? the- using a noble metal such as platinum i s low t e mper a tur e 



cost, and widespread use thereof th e n the r e gular spr e ad has not been 
attained. 

Now, a method for processing, in which, using a ceramic filter^ the fine 
20 particles are adsorbed and after the adsorption this is processed with the 
combustion, has been established. However, a batch processing and an 
alternative processing system in a plural processing system have been 
established^ but since this i s inv i t e d th e has a high cost and disadvantages in 
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using a- the catalyst in a post-process the-fine particles are 




has been established, but this technique is invit e d the has a high 
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use th e badn e ss in th e usabi li ty , the r e gular spread thereof has not occurredi s 
obstruct e d . 

In the diesel engine, accord i ng to th e op e r a tion cond i t i on, the 
components in the harmful substance in the exhaust gas chang e d larg e ly can 
5 change to a great extent depending on the operating conditions , and the 
method in which all the present processing apparatuses are followed an4 



l ow e r i ng is regenerated and proc e ss e d in a real time has is-not been realized. 

It is established a technique wherein, without the affeet- effect of sulfur, 
10 us i ng t he d i s cha rg e, NO of NOx in an exhaust gas is decomposed completely 
and a necessary N0 2 for oxidizing the fine particles under a low temperature of 
about 300 C 300°C is generated in a real time. 

It is established a technique wherein tbe-generated NO2 and the ozone 
generated in an oxygen atmosphere and an active oxygen are used as an 
15 oxidation agent, tfre- and a particle substance is compos e d compl e t el y us i ng a 
low cost c a t al yst decomposed under a low temperature of about 300 C or not 
300°C using completely the- a low catalyst. 

It is established a technique wherein by following an operation condition 
of the engine, a processing is carried out in a real time. 
20 It is established a technique wherein a construction having a low cost 

and a durability performance is attained. 

It is established an apparatus in which an ammonia generation means 
is accompanied independently^ and th e proc e ssing of NOx (nitrogen oxides)e ter 
i s funct i on e d is processed effectively. 




nd an apparatus in which tfre- a decreased processing function 
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It is established a technique about using a generator system having a 
high heat resistance and a superior efficiency wherein when an exhaust gas is 
processed according to a discharge and an electric application, an a dd i t i onally 
additional electric capacity is compensated and i t has b ee n there is a 
5 compatibility with an already established generator. 

Summary of the Invention: 

(1 ) As a solving measure for the technique wherein, without the aff e ct 
effect of sulfur, using th e d i sch a rg e , NO of NOx in an exhaust gas is 
10 decomposed completely using a discharge, and a necessary NO2 for oxidizing 
the-fine particles under a low temperature of about 3QQ-G -300°C is generated in 
a real time. 

Firstly^ as a means for carrying out the process without r e c e ipt of the 
affect -an effect of sulfur in the fuel, the generation of NO2 is carried out not 
15 using platinum as the catalyst. Namely, tbe-a_barrier discharge etens used. 

As a concrete example, to lower the voltage applied to the electrode as 
much as possible, one of the electrodes is formed with a long line shape, a belt 
shape, a rod shape, or a plate shape, and an outer skin of a superior 
permeability performance and thin insulation body A such as a ceramic T and a 
20 h e at r e sistanc e heat-resistant silicone,-ete. is used as a cover cov e r e d . 

Another of the electrodes is formed with a beaf-bare_wire suited to a 
shape of the insulation core wire x and is arranged along to the insulation core 
wire is ar r a nged closely in a parallel shape, a rectangular shape, a spiral shape, 



a net shape, or a zigzag shape and then the ozone and the barrier discharge is 
generated effectively. 

Tfre-An alternating current high voltage is applied to the electrodes and 
the voltage and the frequency number are changed, in conform to th e ra i s e of 
5 conformance with a rise in the voltage, NO in an exhaust gas containing a 
residual oxygen is lowered and it has b e cam e become zero when it reaches is 
reached to ja same voltage. 

On the other hand, N0 2 is increased gradually slightly (less than 1/10) 
at first in comparison with NO A and N0 2 is e x i sted exists in a range efr -from zero 
10 and it is shown has a peak value x and when the voltage is lowered further it is 
reduced gradually and becomes zero soon. At this time-point, NOx is gone out 
of existence completely. 

In this case, the more an oxygen concentration and a hydrocarbon 
concentration is high, the more a range for vanishing completely NO and NOx 
15 occurs is e xist e d w i de . Namely, it is possible to make the energy of NOx 
decomposition small and is carried to carry out the~stable processing. By 
controlling the oxygen concentration and the hydrocarbon concentration, it is 
possible to obtain from a V curve A te-a reverse trapezoid curve having ajong 
bottom face. 

20 In the exhaust gas processing system, when the above stated 

concentrations are controlled, it is possible to carry out a further stable exhaust 
gas processing. Further, when the voltage is increased further, in some voltage 
NO is increased from zero and N0 2 is shifted to increase, and it is possible to 
obtain an incr e as e increased characteristic. 



By applying this phenomenon, in the range of-from NO being zero, it is 
possible to control in a moment of time a range from a peak value to zero 
according to a slight change of the voltage. By following the operation of the 
engine and by suiting -adjusting an amount of the particle, N0 2 necessary for 
5 converting to NO2 is generated in a real time. This control is carried out in a 
small area and a high area of the discharge energy. 

It is necessary to set a discharge element and a power supply means 
suited to the size of the engine, and the operation condition and a capacity of 
the means necessary to the control. When the barrier discharge in this 
10 example is used, in the discharge element of 80 cm, it is possible to process 
with a comparatively low volt a g e s voltage of 18 kHz T and 6.5 ky, d e gr ee and a 
small consumption ofelectric power of from 10 W to 20 W. 

Further, in a case of the spiral shape discharge wire, as shown in Table 
1 , i t is r e su l t e d there is a result that a winding pitch of about 1 0 mm is obta i n e d 
15 used for the most superior decomposition efficiency. 

(2) As a solving measure of the technique wherein the generated N0 2 
in the above stated item (1), and tbe-ozone generated in an oxygen 
atmosphere,, and an active oxygen are used as an-oxidation ageni agents , the 
particle substance is decomposed completely using a low cost catalyst under a 
20 low temperature about 300 C, sinc e 300 Q C. Since the amount of N0 2 and the 
ozone (a^more than 4 00 OI 00°C t this has b e cam e become the active oxygen) 
is controlled freely with the voltage, the frequency number and the oxides of 
vanadium and molybdenum, tbe-zeolite and the-alumina are used as the 
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catalyst and under tbe-ajow temperature about 3QQ-G 300°C , and without of the 
bare-use of tbe-noble metal, the particle substance is decomposed completely. 

Further, using the nitric acid which is formed by the generated N0 2 and 
the water in the gas A and the sulfur oxide such as sulfuric acid which is formed 
5 by the oxidation of sulfur in the fuel, and without the catalyst^ it is possible to 
decompose the particle substance and to control the generation amount of 
N0 2 . 

(3) A solving measure of the technique wherein by following the 
operation condition of the engine and it is carr ie d out in tbe-real time, using the 

10 N0 2 control technique stated ofv-in_the above item (1 ), and by following te-the 
operation condition of the engine, the necessary N0 2 amount is calculated 
using the-a_sensor and the operation characteristic or-is generated immediately^ 
and then the particle substance is decomposed completely. 

A particle substance sensor is arranged in an inlet port of the 

is processing apparatus, the particle substance is sensed in toe-real time, and the 
information thereof is inputted to a controller. 

On the other hand, ^before and after o^a flow passage of the 
processing apparatus, an_NOx sensor or N0 2 sensor is arranged, ar^d-it is 
grasp e d that determined whether the concentration o^after the pass-through of 

20 the processing apparatus has been in an increase condition or in a decrease 
condition, and an NO? amount fo^necessary te-for the complete decomposition 
of the particle substance is calculated according to NOx concentration and NO 
concentration after the processing. 
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The voltage value suited to the necessary energy is determined and the 
voltage is controlled in the real time, and as a result NOx and the particle 
substance are removed completely. 

(4) A solving measure for attaining the above stated items (1 )-(3) with 

5 tbe-low cost structure, wherein in the exhaust gas processing system according 
to the present invention, three large material elements in the cost aspect afe 
e x i st e d exist and these three material elements have been the discharge 
element, the low temperature catalyst, and the control means. 

Firstly, as the discharge element, this element has been a simple 

10 structure in which around the thin and long discharge core wire the discharge 
wire is arranged with the spiral shape, for example. With the technique for 
manufacturing the optical fiber and the electric wire, the large amount discharge 
elements are manufactured simpte- simply and the-a_discharge element having 
the-superior reliability is manufactured. 

is Next, as to the catalyst, as stated in the above stated item (2), fa 

basically without the use of the noble metal-wheWy^ it is realized by the use of 
about a few a mount of 0.2 % in the weight percentage and to the oxides of 
vanadium and molybdenum having the comparative low cost since the alumina 
and the zeolite are coexisted, compared with the conventional catalyst in which 

20 the noble metal is main, it is settled with the very low cost. 

(5) As to the ammonia generation means for generating the ammonia 
independently and the construction for functioning the effective NOx 
processing, obta i n i ng N 2 gas is obtained {f hfrom the air and the moving vehicle 
having- has a hydrogen supply means generated in the fuel battery-etev, and 



using the N? and the hydrogen and t he n the ammonia is generated, and it is 
possible to make harmless one-according to an NOx processing technique 
which is carried in the fixed means. 

(6) When the exhaust gas is processed by employing the discharge and 

5 the electric power application, the additional electric capacity needed is 

comp e nsat e d and achieved through the generator having the heat resistance 
performance,, and tke-superior efficiency is constructed to the system in which 
the compatibility is formed with the already established generator. 

As to the above stated construction system, the inventor of the present 

10 invention has devised that using the generator having tbe-ajow start activation 
torque, more than the high efficiency (95 %), using tbe-slot insulation which is 
e na bl e to a r i se th e permits increase in use temperature to 500°C from 500 C 
from the conventional temperature of 250°C < 250 C and te -using as the 
insulation portion of the covering of the coil the ceramic such as alumina A it is 

is possible to realize the compatibility with the already established generator. 



Brief Description of Drawings: 

Fig. 1 A is a cross-sectional explanatory view showing an exhaust gas 
processing apparatus in which the concentration of NOx is controlled by the 
20 high voltage discharge according to the present invention^ and in the catalyst 
unit of the post-process i t e nabl e to fo ll ow the dynamic change in the engine 
etercan be followed. 
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Fig. 1B is a cross-sectional explanatory view showing an exhaust gas 
processing apparatus according to the prior art in which in the before -prior 
stage and the after stage the catalyst using the noble metals are used. 

Fig. 2A and Fig. 2B are explanatory views each showing a discharge 
5 portion of a discharge wire in which an insulation core wire is arranged in 
parallel. 

Fig. 2C and Fig. 2D are explanatory views each showing a discharge 
portion of a discharge wire in which an insulation core wire is arranged with a 
spiral shape. 

10 Fig. 2E and Fig. 2F are explanatory views each showing a discharge 

portion of a discharge wire in which an insulation core wire is arranged with a 
net shape. 

Fig. 3 is a NOx (NO, N0 2 ) reduction characteristic explanatory view of a 
spiral shape discharge portion according to the present invention. 
15 Fig. 4A is an explanatory view showing a general exhaust gas 

processing apparatus having a means for processing the particle substances 
employing a low voltage discharge , in - of-an embodiment according to the 
present invention. 

Fig. 4B is a selective and all-inclusive explanatory view showing an 
20 apparatus for processing the-particle substances employing a low voltage 

discharge according to the present invention. 

■ 

Fig. 5A is NOx reduction characteristic view according to a discharge in 
an oxygen concentration of 10 % in the exhaust gas. 
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Fig. 5B is NOx reduction characteristic view according to a discharge in 
an oxygen concentration of 1 5 % in the exhaust gas. 

Fig. 5C is NOx reduction characteristic view according to a discharge in 
an oxygen concentration of 18 % in the exhaust gas. 
5 Fig. 5D is NOx reduction characteristic view according to a discharge in 

an oxygen concentration of 21 % in the exhaust gas. 

Fig. 6 is an explanatory view showing a sensing method in a case 
where the reduction of NOx is controlled. 

Fig. 7A is a structure structural explanatory view of a discharge wire in 
10 which plural wires are combined to maintain the performance of the discharge 
wire. 

Fig. 7B is a side cross-sectional view of a discharge wire shown in Fig. 

7A. 

Fig. 7C is an explanatory view showing a method for changing the pitch 
15 in a case in which the discharge characteristic is changed. 

Fig. 7D is an explanatory view showing an example of an insulation 
structure of the insulation core wire. 

Fig. 7E is an explanatory view showing another example of an 
insulation structure of the insulation core wire. 
20 Fig. 8A is NOx reduction characteristic view showing a discharge in 

which an oxygen concentration is 10 % and C 2 H 4 concentration is 1000 ppm in 
the exhaust gas. 
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Fig. 8B is NOx reduction characteristic view showing a discharge in 
which an oxygen concentration is 21 % and C 2 H 4 concentration is 1000 ppm in 
the exhaust gas. 

Fig. 9 is an explanation view showing an example of an exhaust 
5 processing machine in which the heat retaining and the combustion san e th e 
reaction are carried out effectively. 

Description of the Invention: 

Hereinafter, the examples of the carrying out embodiments according to 
10 the present invention will be explained referring to the drawings. Fig. 1 A is an 
exhaust gas processing apparatus of one embodiment according to the present 
invention and Fig. 1B is an exhaust gas processing apparatus of one 
embodiment according to the prior art. 

The features of the present invention are classified largely to two 
is processing units, in a pre-process a processing according to a barrier discharge 
is carried out and in a post-process a processing using a catalyst is carried out. 

In the barrier discharge, to a long and narrow single insulation core wire 
or plural insulation core wires 2, a beaf -bare discharge wire 3 is adhered closely 
on a surface of an insulation body and is netted with a spiral type and a cloth 
20 type as shown in_an example and is gotten across all over a space. 

An end portion of the discharge wire 3 is connected to a ground earth 4 A 
and between the insulation core wire a barrier discharge is generated 
effectively according to a supply power control unit 1 1 in which a high frequency 
and high voltage generation means is installed in an interior portion. 
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In a high frequency and high voltage supply power using this means, 
the sine wave is formed to have a pulse shape A and the voltage may be formed 
the same from a power aspect and the voltage may be arise^ provided . 

A sensor 10 detects the operation condition of an engine and detects 
5 directly the particle substance and NOx. A rotation number of the engine may 
be carried out using another means (not shown in the figure). 

In this discharge unit, NOx exhausted from the engine-eter, in particular 
NO and N0 2 , is decomposed completely^ and according to the changes of the 
voltage, the frequency number and the waveform, NO is decomposed 
10 completely and NOx is produced only and amount of-thereof is controlled. 

It will be explained in Fig. 3 in a latter portion, for example, with a slight 
change of the voltage, the characteristic of NOx is changed largely to realize a 
very small electric energy use . Further, the structure of the discharge wire is 
constituted with a very simple electric wire and an optical fiber manufacture 
15 manufacturing technigue. so that t he manufacture thereof is attained with a 
high reliability and the cost has been very cheep cheap . 

In the present invention, N0 2 is generated by detecting the amount 
necessary for oxidizing the particle substance in the post-process using the 
oxidation property gas. As to this fact, the conventional apparatus has been no 
20 control function. 

Namely, the discharge unit according to the present invention can be 
grasp e d determine exactly the condition of the engine and also the generation 
of the decomposition suited to Nox a on th e cond i t i on i s follow e d in a real time. 
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In the conventional apparatus shown in Fig. 1B, since the large amount 
of platinum^ being the noble metaL has been used as the catalyst, fc -there is 
i nv i t e d th e a_high cost A and further according to the affoct effect of the sulfur in 
the fuel the function is lowered. 
5 Next, the catalyst processing unit in the post-process will be explained. 

In this unit, the catalyst in which mainly the particle substance is decomposed 
completely is used in the low temperature of about 300 C 300°C . For example, 
the comparatively low cost catalyst such as the oxide of vanadium 5 and the 
oxide of mo l ibudiam molybdenum 6 and alumina or the zeolite 7 is used A and 
10 NQ2- NO? is worked effectively and then the substance is decomposed 

completely. These catalysts la -are realized almost with no use of the noble 
metal. 

A reference numeral 1 is a frame of the machine and apparatus,, and a 
reference numeral 8 is a partition wall having a superior permeability 
15 performance for holding the catalyst. 

The conventional exhaust processing apparatus shown in Fig. 1B will 
be explained. In the pre-process, tbe-ajarge amount of platinum 5a, paradigm 
6a and alumina 7a is used x and NO in NOx is oxidized to N0 2i and in the 
catalyst in the post-process the particle shape substance is oxidized 
20 harmlessly. Since the noble metal is used, i t is i nvited th e there is a high cost 
and there has not been widespread use thereo f th e spr e ad is obstruct e d gr e at l y . 

In this catalyst system, a gain s t with respect to the operation of the 
engine-eter, for example,, by following the generation condition of the particle 
substance, it is impossible to carry out the processing and it is impossible to 



take the measure to the affect -effect of and the d e tonation of deterioration due 
to sulfur. 

The removal of NO is not carried out completely and NO of 85 % is 
discharged from an exhaust port. This can be said that it has been the 
5 incompleteness apparatus. In the post-process, the noble metal is used mainly 
as the catalyst^ and the platinum 5b, paradigm 6b and alumina 7b is used and 
the processing is carried out. 

A reference numeral 1a is a frame of the machine and apparatus, and 
a reference numeral 8a is a partition wall having a superior permeability 
10 performance for holding the catalyst. 

Figures from Fig. 2A to Fig. 2F will be explained. Herein, an example of 
the discharge wire structure being a base component of the present invention is 
shown. Fig. 2A and Fig. 2B show the long and narrow insulation core wire 
which is constituted by a core wire 22a and an insulation body 2a which is 
15 made by-of a material having a superior ductility performance and a_thin and 
fetfr tough material such as a ceramic A and a h ea t r e s i stanc e si l icon heat- 
resistant silicone rubber which is covered as an outer skin of the core wire 22a. 

An electrode is formed by the insulation core wire and a thin and beaf 
bare discharge wire 3a having a diameter of from 0.2 mm to 0.3 mm which is 
20 arranged closely to this insulation core wire. An insulation body 17a is used for 
the electric isolation when the bea ^bare wire is drawn out to the outer portion of 
the apparatus and machine. 

With the above stated simple structure, th e m a nufactur e a 
manufacturing method having tbe-a_high reliability performance,, such as the 



electric wire and the optical fiber^ is utilize^ and it is possible to manufacture 
the discharge wire having the low cost and the high performance. This is the 
material having a superior ductility performance in which the zirconium is 
blended to the alumina and also having superior insulation performance. 
5 Fig. 2C and Fig. 2D show an example in which the discharge wire 3b is 

arranged with a spiral shape against the insulation core wires 2b and 22b. 
When a pitch of the spiral is changed, the decomposition performance of NOx 
is changed largely^ and it is possible to manufacture the substances suited for 
the exhaust gas decomposition of the engine-eter. A reference numeral 4 ^1 7b 

10 is an insulation body. 

Next Fig. 2E and Fig. 2F will be explained. The discharge wire 3c is 
assembled with a net shape and to the insulation core wires 2c and 22c the 
discharge wire is arranged with a cylindrical shape. By the cylindrical discharge 
wire, the discharge wire has became strong and has been the a_high durability 

15 performance,, and further in addition to the conducting body, for example it is 
possible to use a net shape u sing of the ceramic wife-including the glass and 
the alumina. To this ceramic the catalyst is burdened and the ozone and the 
active oxygen are generated effectively. Further, in the same time of the NO2 
generation, the particle substance is decomposed and is processed all at once. 

20 As a result, the decomposition of the exhaust gas is carried out. 

When a pitch of the spiral discharge wire is changed, the 
decomposition performance of NOx is changed largely and it is possible to 
manufacture the substance suited for the exhaust gas decomposition of the 
engine-eter. The deterioration in the discharge wire is prevented^ and taking 
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into tbe-consideration uridef-the severe condition the superior durability 
performance is attained. A reference numeral 17c is an insulation body. 

Further, it is possible to combine the plural discharge wires in parallel or 
crossing. It is possible to wind the discharge wire having plural pitches to the 
5 insulation wire and to connect the poles of the end portion or to separate. Then 
the discharge performance having the different characteristic is formed on the 
single discharge wire and the durability performance is improved to have 
several times. 

Fig. 3 shows one example of the characteristic of the NOx 
10 decomposition of the spiral discharge wire against the alternating current 

application voltage. By the changes of the voltages, the condition of the 

changes of NOx, NO and N0 2 will be understood. 

NO is reduced abruptly in company with the voltage rise and is 

v a nish e d disappears completely in 6 kV and is continued zero (0) until 7.5 kV x 
15 and further when the voltage i s aris e n rises the concentration is increased 

gradually. When NO is zero (0) condition, NOx is presented only as NO? 

condition and between from 6.5 kV to 7.5 kV, it is changed abruptly with a V 

shape between from 130 ppm to zero. 

Accordingly, utilizing this characteristic, it is attained the complete 
20 processing of NO and is shown the possibility about the decomposition of the 

particle substance without the residual NOx. By s u i ting adjusting the 

combustion condition of the engine and the boiIer A the harmful exhaust gas has 

became completely the harmless one in the real time. 



In the conventional apparatus and machine, it is impossible to carry out 
the adjustment, even though in some condition the most suitable characteristic 
may be obtained, but it is impossible to follow the concentration change of the 
harmful substance in the exhaust gas in accompany accompaniment with the 

5 largely changed operation condition. Further, as to the characteristic 
deterioration in the use condition^ no solving measure is e x i st e d exists . 

Fig. 4A shows the apparatus having the sensing function in which the 
particle substance is processed in the real time x and further the processing 
waste is monitored always and is processed using the plural adsorption faces of 

10 a ceramic filter 60. 

Between the electrode plates 61 which are provided on both end faces 
of the ceramic filter 60, mainly the condition of the adhesion of the carbon 
system particle substance is gr a sp e d determined , for example, according to the 
change in the electric resistance. 

15 When the resistance value has became less than a predetermined 

valv evalue , the electric power is applied and then the particle substance is 
oxidized. The power supply for the electric supply has been very low voltage 
such as a several vo l tag e volts (V), and in the automobile e tc. i t there can be 
employed the power supply of the battery and the dynamo. 

20 The processing of the particle substance is down-simple^ and the 

particle substance is processed in the real time, and further it i s i nv i t e d th e 
there is a low cost and the system having the superior durability performance is 
constructed. To the ceramic filter the lower temperature catalyst for NOx 
decomposition is used, for example in which alumina, the oxides of gallium, tin, 
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and indium are burdened, only in this process the harmful substance in the 
exhaust gas is processed. 

Next, a catalyst processing unit in an intermediate process will be 
explained. This catalyst processing unit is constituted with NOx processing use 
5 catalyst^ and is constituted with the alumina 5c, oxides of gallium 6c, tin, and 
indium 7c eter. Also seen in Fig. 4A is partition wall 8b. 

An ammonia generation means 30 is provided in an exterior portion, or 
in an interior portion and then an amount for necessarily proc e ss processing for 
use is supplied from a nozzle 31 . It is possible to employ the plasma technique 
10 and the high pressure synthesis technique. 

As stated in above, the denitration system which have -has been 
established from the technical aspect in the present time can be formed. For 
the ammonia generation, hydrogen and nitrogen has been necessary, but 
hydrogen is made from the water such as the cooling water of the engine using 
15 the electrolytic process and nitrogen is taken from the air, in this time it is 
unnecessary to furnish the material supply. 

Next, a final process in this figure is a discharge processing unit and 
this is mounted for the residual NOx processing and can be utilized as a part for 
the above stated ammonia generation. 
20 A reference numeral 2d is an insulation core wire, a reference numeral 

3d is a discharge wire, and a reference numeral 1 1a is a high voltage 
generating portion. A reference numeral 1b is a frame. 

Reference numerals 70 and 71 are NOx sensor and N0 2 sensor and 
they are installed in a suitable position in before or after the processing of the 
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NOx processing unit. They have sensed NOx processing cond i t i on conditions 
in the discharge unit A and adjust the voltage fef-necessary to carry out NOx 
removal and the frequency number and further control the electric energy. A 
control method will be explained referring to Fig. 6. 
5 Fig. 4B shows one example of a processing unit of the electric particle 

substance. In this figure, the resistance which is accompanied with the 
adhesion of the particle substances between the electrodes 61a which are 
provided in both ends of a ceramic filter 60a is processed by a sensor detection 
control portion 50,, and between the electrodes necessary for particle substance 

10 processing the signal is sent to a burn-up processing control portion and is 
processed . Reference characters 51 and 52 respectively represent a switch 
change-over control means and connecting wiring. 

Switch portions 54 and 54a are opened or closed by the signal line 53 ± 
and the unevenness of the particle substances due to the place is gotten rid of. 

is The high performance particle substance processing apparatus having the self- 
help function and being low cost is provided. A reference numeral 40a is a 
power supply terminal. 

Fig. 5 shows an explanation of an example in which when the diesel 
exhaust gas is decomposed with the high voltage discharge the decomposition 

20 of NOx is changed extremely according to the oxygen concentration in the gas. 

Fig. 5A shows a decomposition of the vo l tag e — NOx (NO and N0 2 )_as 
a function of voltage, with an dur i ng the oxygen concentration in the exhaust 
gas of 1 0 % x and in accompany with th e accompanying a voltage afise- increase 



NO is decomposed at first and in the vicinity of the voltage of 6.5 kV it is 
presented the lowest and more than this value it is increased gradually. 

On the other hand, N0 2 is increased in an anti-proportion to the 
reduction of NO and is changed almost from the vicinity of 6 - 6.5 kV. 
5 Fig. 5B shows a decomposition of the vo l tag e — NOx (NO and NO2) 

during th e as a function of voltage, with an o xygen concentration in the exhaust 
gas of 1 5 % and NO is decomposed and vanished until the vicinity of the 
voltage of 5.5 kV and in turn N0 2 is increased abruptly. 

NO is vanished gradually from 5.5 - 6.5 kV and has became zero (0) x 
10 and the zero (0) condition is continued to the voltage of 7.5 kV^ and more than 
this the generation is caused again and in ac comp an y w i t h accompanying the 
increase of the voltage it is increased. 

On the other hand, N0 2 is increased slightly between the voltage of 5.5 
- 6.5 kV a and after the h i gh l and high condition is continued and is reached to a 
15 peak x and after the voltage of 6.5 kV it is shifted to the reduction and in the 
vicinity of 7 kV it is shown the minimum value and after that is shifted to the 
increase. In the boundary of 7.5 kV i n a ccompany with accompanying the 
increase of NO it is shifted to reduce again. 

Fig. 5C shows a decomposition of the voltag e — NOx (NO and N0 2 ) 
20 dur i ng th e as a function of voltage, with an o xygen concentration in the exhaust 
gas of 18 % A and NO and NO? i s van i sh e d vanish together wrth-and a V curve 
line is appeared extremely. Between the voltage of from 6.5 kV to 7 kV, it is 
possible to vanish completely. 



A range of the complete vanish is spread from the voltage 5.6 kV to the 
voltage of 7.5 kV. Utilizing this characteristic it is possible to vanish completely 
NOx. 

In this case, since the oxygen concentration in the exhaust gas 
5 exhausted from the diesel engine has been substantially 16 %, by the provision 
of the oxygen supplying means in an outer portion or the system in the 
apparatus and machine, the effect means for reducing NOx is constructed. 

Fig. 5D shows a decomposition of the voltag e - NOx (NO and N0 2 ) 
dur i ng th e as a function of voltage, with an oxygen concentration in the exhaust 
10 gas of 21 % x and NOx reduction characteristic is exhibited remarkably to that of 
the oxygen concentration of 18 %. 

As stated ifi-above, when the oxygen concentration in the exhaust gas 
is changed, it is possible to control easily the reduction of NOx. When the 
oxygen concentration is increased further, and the substance which is formed in 
15 the active oxygen condition and the ozone condition are supplied the reaction 
has b e cam e r e markab l y become remarkable and the characteristic controls A 
and it is invited the energy saving effect and with the small energy the removal 
of NOx is attained. 

Fig. 6 is an explanation view showing a control method for determining 
20 the energy necessary for NOx processing by grasp i ng d etermining the 
processing conditions in the NOx processing apparatus. The sensors are 
arranged in a suitable position if>-before and after the flow passage of the 
discharge element in the NOx processing apparatus^ and the processing 
condition of NOx is grasp e d determined . 



Namely, the reduction decay of NOx or the increase decay of NOx are 
caught by the two sensors, and x for example, when the reduction condition is 
presented from A point to B point, the energy is increased, and when from D 
point to C point it is changed, the energy is lowered, and as a result the control 
5 is carried out surely and NOx is gotteo-completely removed r i d of to r e mov e. As 
occasion demands, the oxygen concentration adjustment apparatus in the 
system is tied up. 

Fig. 7 shows an example of a new structure of the insulation discharge 
wire. In Fig. 7A, two discharge wires 3d and 3e which are arranged in parallel 

10 and separately are wound with a spiral shape and they are constituted by the 
insulation discharge wire. 

When the electric insulation in the space between the two discharge 
wires is lowered due to th e d i rty dirt and the water component of the-conductive 
substanc e substances such as the oxides of nitrogen and sulfur, the electric 

15 resistance between the two wires has became small and as a result the 
discharge performance is lowered remarkably. 

This is that as if an insulation surface of the insulation body 2d which is 
formed by the alumina etc. containing the heat resistance basicity is presented 
to be covered with the integral conductive body and the discharge is not 

20 occurred easily. To pr e sent prevent this, between the two discharge wires the 
voltage is applied and the electric power is applied and then using the heat or 
the discharge it is vaporized and is purified. This can be used as the dirty 
sensing sensor. 



A reference numeral 22d is a conductive body of the insulation core 
wire and reference numerals 17d and 17e are insulation bodies of a lead wire 
portion of the discharge wire. 

Fig. 7B shows a side cross-sectional view of the insulation discharge 
5 wire of Fig. 7A. 

Fig. 7C shows an example in which the insulation discharge wire is 
constituted by placing in parallel the discharge wires 3 f , 3q and 3h and by 
winding with a spiral shape. The insulation and discharge wire is constituted 
with a core wire conductive body 22e, insulation body 2e, and a lead wire 
10 insulation bodies 17f, 17fg and 17h. 

The discharge performance of this kind of discharge insulation wire is 
d i ff e r e d differs extremely according to an arrangement pitch size of the 
discharge wire. In the insulation body having a discharge wire diameter of 0.3 
mm, in a case of a pitch of 10 mm the most discharge characteristic is attained. 
15 As shown in Table 1 , the discharge characteristic is changed largely 

according to the pitch and the lengthy and it is changed less than of-1/2. Using 
this phenomenon, the discharge characteristic is changed according to the 
combination of the discharge wires and the length of the tap. For example, the 
pitch is changed, the plural discharge wires are wound and the connection 
20 thereof and the combination are changed A and further making the same polarity 
and selecting them the discharge characteristic is changed. 

Using the single discharge wire the supply energy is changed and 
discharge characteristic is changed. By combing combining the single 
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discharge wire with these plural discharge wires, the control width has b ee n of 
the exhaust gas processing machine is realized to have a further performance. 



Table 1 

5 Conversion Rate (%) from No to N02 by Discharge 

Length L (mm) Electric Power P (W) 



Pitch 
(mm) 


L = 250 
P = 9 


L = 500 
P = 18 


L = 750 
P = 27 


L= 1000 
P = 36 


1 


37 


44 


67 


51 


5 


40 


65 


60 


53 


10 


48 


84 


64 


58 


20 


51 


78 


63 


46 



Fig. 7D shows a cross-sectional view of the structure of the insulation 
body of the insulation core wire. A reference numeral 22f is a core conductive 
10 body and reference numerals 2f and 2g are insulation bodies. The insulation 2f 
is constituted with a substance in which to a substance an alumite processing is 
carried carries out with a net shape ceramic member and a space of this is 
buried with another insulation member and with a thin superior insulation 
performance. 

15 Fig. 7E shows a cross-sectional view of the thin insulation core wire 

having the high performance in which to the insulation core wire using the 
nichrome wire 22g having the high heat resistance and the high strength 
material^-To an outer skin of the core wire is provided in which the alumite 



processing is carried out after it -there has been formed a wire member by 
covering the alumina 2h and-to the core wire and an outer portion insulation 
body 2i is covered. 

Fig. 8 is a graph showing the change of the characteristic in a case 
5 when the hydrocarbon is mixed with the exhaust gas. In a case where the 
oxygen concentration having the oxygen concentration 21 % shown in Fig. 5D 
is mixed with the hydrocarbon having 1000 ppm, it can be admitted that the 
remarkable reduction of NOx is not appeared. This means that the generation 
of N0 2 is carried out stably. Namely, NO is converted to N0 2 and as the 
10 oxidizing agent it is utilized effectively for the oxidation and the removal of the 
particle substance. 

Of course, the concentration of the oxygen and the concentration of the 
hydrocarbon are controlled organically and then the processing apparatus 
having the stable and high performance is realized. 
15 Fig. 8A and Fig. 8B show NOx processing characteristics of the cases 

where the hydrocarbon of 1000 ppm and the oxygen concentration of 10 % and 
the hydrocarbon of 1000 ppm and the oxygen concentration of 21 % is mixed. 

In this case, NOx is not removed completely but it is possible to remove 
NOx by comb in g combining the above stated technique shown in Fig. 5 in the 
20 final process of the processing apparatus. 

Fig. 9 shows tbe-exhaust gas apparatus in which, to reserve and not to 
e sc a p e release the heat amount generated during the ozone generation and 
the corona generation according to the heat generation and the discharge when 
the particle substance is applied with the electric power and is burned up, 
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making the an adiabatic structure is made, w ith the ceramic to the outer portion 
of the apparatus, and with the inner portion of the apparatus is-being 
maintained with toe-as high a_temperature as possible, it is possible to carry out 
the reaction and the decomposition with the small energy addition. 
5 Further, a preheat portion is arranged at a vicinity of the engine exhaust 

port and the combustion temperature of the particle substance is reached to 
6&Q-€- 650°C as possible and then the reaction promotion and the energy 
saving is attained. 

In Fig. 9, the following reference characters represent the following 
10 structure: 

(a) Reference character 12 represents an induction heating wire; 

(b) Reference character 15 represents an induction heating coil; 

(c) Reference character 1 1 b represents a low-voltage power supply; 

(d) Reference character 1c represents a frame; 

15 (e) Reference character 61 b represents a ceramic filter; 

(f) Reference character 8c represents an isolation wall; 

(g) Reference character 60b represents a ceramic filter; 

(h) Reference character 18a represents a thermal insulation member; 
(0 Reference character 18 represents a thermal insulation 

20 member; and 

(j) Reference character 16 represents a magnetic body. 

The above stated exhaust gas processing apparatus has b e en 
th e compar a t i v e is a comparatively simple structure in comparison with 
that of the prior art apparatus,, and has been the epoch-making gas 



processing technique which e nab le to make permits the harmless 

performance of the harmful exhaust gas by following the operation 

condition of the engine etc. x and is utilized in_all fields relating to the 

decomposition of the gas and the reaction. 
5 This apparatus is utilized effectively to the pollution measure of the 

automobile, the boiler and the engine and the chemical reaction promotion, the 
combustion promotion, and the decomposition of the harmful substance. 

Further, the discharge portion can be manufactured from the advanced 
production techniques of the wire and the optical fiber x and accordingly the 
10 ozone generation apparatus having the high quality, the superior production 
performance, and the simple structure and the low cost of-for the corona 
generating apparatus can be provided. 

Further, the electric applying and burn-up apparatus having the low 
voltage and the very low cost can be applied to the adsorption and 
15 decomposition apparatus having combustible subst a nc e substances . 

Further, the electric supply and burning-up apparatus having the 
ammonia is generated independently and when aixNOx denitration system is 
tak e n used in the installation type film. 

The effects according to the present invention kas 4iave the excellent 
20 effects as the exhaust gas post-processing apparatus such as the automobile 
and the boile r, in which the performance, the cost performance and the 
maintenance performance can be solved at a stroke. The main effects are as 
following: 
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1 . With the simple discharge wire structure, NOx (NO and N0 2 ) is 
decomposed completely, the generation amount of aod~N0 2 for oxidizing and 
decomposing the particle substance is controlled freely under the zero condition 
of NO, and it is followed completely to the decomposition of the particle 
5 substance in the exhaust gas. 

The catalyst used in this case is not e mp l oyed al most the noble metal A and NO 
is oxidized under the low temperature of 3QQ-G- 300°C and is exhausted with the 
harmless carbon dioxide. 

2. The particle substance is adsorbed to the ceramic filter and the portion 
10 necessary for the burning up of the adsorption face is detected by the plural 
electrodes, and with the power supply of the low voltage the particle substance 
is burned up selectively and electrically and is formed as the carbon dioxide 
and is formed as the harmless substance. 

Accordingly, the apparatus and machine for processing in the on-board 
15 real time and having superior maintenance performance is realized. 

Further, by the employment of the catalyst, in_which is not used a l most 
the noble metal is substantially not used, and has the low cost performance, 
NOx is decomposed and by provision of the ammonia generation apparatus 
independently and by the combination of the superior denitration apparatus, the 
20 exhaust gas processing apparatus having the high performance and the low 
cost structure and the superior maintenance performance is provided. 

3. The exhaust gas processing element is constituted with the alumina 
containing zirconium having the high reliability as the discharge portion and has 
the wire shape and is simple and strong by forming thin the insulation coating. 



The discharge wire is formed oHhe conductive body itself, and the ceramic wire 
and the plural discharge wires are formed with the net structure and then the 
discharge characteristic and the strength performance and the durability 
performance are increased. 

By burdening the catalyst to the ceramic wire and the catalyst action 
h a s b ee n occurs . accordingly the excellent exhaust gas processing element 
having the high efficiency and the low cost performance is provided. 



